2,876,004

2 Sheets-Sheet 1

R. L. SINK

SPEED MEASUREMENT AND CONTROL

March 3, 1959
Filed July 12, 1956

: & G2 00
= I TIVY v~ RN ’ “
£ — / E ;
), SHIN o ond3s JOLOW JOLOW 38 & by
o = XYY OAY3S A = o 2
_ R = m
174 & —= } | Q2 2
- BN
ce~[ JOLVIINTD g <
TYNOIS I Ny
FONFYIAFY | S\
ge 3L/ X 4 \
]
L8 XISLVW ONIWANS | S .
[ R =
{ | w.
& U, 2 1
" & \Q \Q | W
b e o e e | “
X I T T TR T ! m
I SNG ..NMOGw LNNOD, Y]
. _ | 3
$2 YIUINNOD | 9
| 45 9§ ss C R
Pty EVZ) ndd FLr9 [
A A _ T o [
! r |
e > 168> oe = p<
82 JNYE | s A it i il S |
HOLY 1NN
_ _
E"g) Eng) Enz)
t
| s 25 !
-
R R e 2 R 2 N i 2 733y
| avIH
97 uMOT JO7 GNb» | o1 NS
St uHOIH J07 ONVe o nS\,M y nw
1 LNOLNd
NETRENY =
A )\ﬁ{ﬁ? 5| &)ﬁgw\w YOVEL VLVT
vee vz 2z 0. Smw\,\mm.uu\u\mw " 0z " &1 oo _
i \ NOVHL ONIWI 73.
6/ HFHTINV INILIWIT VL INIHIL 3 L
L. . 2/~ snivavday
/ 9/ ONITANVH
Viya




2,876,004

R. L. SINK
SPEED MEASUREMENT AND CONTROL

March 3, 1959

2 Sheets-Sheet 2

Filed July 12, 1956

ﬁ

96 FLYD LNOLND \ﬂw__
_
|

100 TYNOIS §300HL> =

|
! “
L 4 —— e e

wodsd

SOLVYINTD
TYNOIS
FONFSISFY
TYNOIS

— %0 |
T, T ¥ .T .
] Por oL 995 voy LM
[ e N i
| waﬁﬂJl 062 |
! vee l@mm ﬂ
i : i
8z INVE S %=
HOLYIINNIOY ~ | w = |
1 |
L 1|
|
Y S AU ISR IS ]
NMOHS T — 7 mum ||||||| S I I 4
ALINVTIOF SO \i o-—? - -
1901GNOD $3G013 | +& per o5y 4 957 VS o5t |
! ) “
e e e —— —— s — ||||I.|||]|.Il.||||||||||!._| |||||||| -
v «HOIH J0F aNre—"
92 LYo tnoLno = T T T T
_ = r9z |71 " YOLYILNIHISFG
! U WOodS TYNDIS )
l||T_ i
1
LNO TYNIIS §FDSL | . __ A
" < “
i = I
| |
. i I
L 4

INVENTOR.

ROBERT L. SINK

Z2°9/4

BY

I

Bk 2 okl

ATTORNEYS



United States Patent Of

2,876,004

1

2,876,004 o
SPEED MEASUREMENT AND: CONTROL

Robert L. Sink, Altadena, Calif., assignor to Consolidated
Flécirodynamics Corporation, Pasadena, Calif., a cor-
poration of Califernia

Application July 12, 1956, Serial No. 597,540
6 Claims. (ClL 271-=2.3)

This invention is concerned- with- measurement and con-
trol of speed of 2 moving body, say a rotating: shaft or
a tape moving lengthwise from- one reel to another. It
provides means for comparing. the speed-of the body with
a standard and for determining the- difference,. positive
or negative, between the two. In its preferred:form the
output of the comparison means is. employed to. control
a’ servossystem which in turn controls the:speed: at which
the body is moving. The invention finds' major applica-
tion: in the servo-control of a precision: data: handling
system in which a magnetic tape having signals repre-
sentative of the data to be handled is played back, but has
more general application, as already indicated.

In automatic data handling, it is customary to. record
the data to be analyzed on magnetic tape and:then to play
the tape back through an electronic system which- analyzes
the data or utilizes it in computations made automatical-
ly within the system. The tape should be played back
at precisely the same speeds at which it moved during
initial recording. ~Since it is difficult, if not impossible, to
move the tape at a constant speed during initial record-
ing, it has become customary to record-on the tape a tim-
ing track (produced by an oscillator of high accuracy)
side by side with the data tracks during the initial-record-
ing, and then to utilize this timing track to control the
speed of the tape during play-back so as to-reproduce as
accurately -as possible the original instantaneous tape
speeds.

To accomplish this result, four elements are employed:

(1) Means for recovering from the timing track the
original high accuracy signal of the timing oscillator;

(2) A second oscillator of high accuracy. This pro-
duces a reference signal for comparison: with'that recov-
ered from the timing track; o

(3) A comiparisort circuit which: puts out a signal repre-
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In sum, my invention contemplates apparatus for com-
paring the frequencies of two pulse trains. The appa-
ratus has a reversible binary counter with a plurality of
reversible bi-stable counting elements; a count-up. bus
connected. in parallel to the respective elements from one
side, a count-down bus connected in parallel to the ele-
elements from the other side; means for supplying one
pulse train to one of the buses, means for supplying the
other pulse train to the other bus, and a summing matrix
comprising individual resistances corresponding in num-
ber and respectively connected to the outputs of the in-
dividual elements for producing an output proportional to
the difference in the number of pulses in the trains intro-
duced into the counter in unit time.

The practice of my invention, as applied to the control

. of play-back speed of magnetic tape, the timing track sig-

nal on the tape is picked up during play-back. The sig-
nal thus: recovered is' converted-into. a_ series. or train of
pulses. For example, the recovered timing track signal
may be amplified; limited, squared and differentiated to

- produce the required series of spaced pulses correspond-

ing in frequency to the: sigmals. from the timing track.
The pulse series is then fed into one. side of a reversible
binary counter, the other-sideof which receives a series- of
pulses from a: reference oscillator, or the like;. of high

" accuracy. The reversible binary counter has a counting
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chain or accumulator. ~While the frequency of the pulses
representative of the. signals: from the timing track is
higher than. the. frequency of the reference pulses, the net
count stored in the counting chain will: gradually increase

- at the rate of one count per second. for each half-cycle
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sentative of differencés between the frequencies of the

timing track signal and- the reference signal; and

¢4) An electromechanical servio-system: which controls
the speed of the tape play-back in response to: the signal
from the comparisom circuit. : C
- The instant invention provides a distinctive comparisen
circuit which offers. a number of advantages: as com-
pared with most such circnits presently - available
Among these advantages aré: Co

¢1) In play-back, the speed of -tapeé’ during eriginal
recording ¢an be duplicated within & timing accuracy of
substantially less than orie millisécond over an unlimited
period of time. o .

(2) The circuit ignores certain ranidom forms of noise,
with' the result that there is an improved signal-to-noise
rdtio. : '

(3) The comparison circuit is such that it can examine
over.d considerable period of time the accumulated differ-
erice between the reproduced timing track: signal and the
reference signal from the comparison oscillator and then
put-out a signal which; through the serve-system, will re-
store proper fape velocity during play-back.
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per second. difference in frequency. - In the reverse situa-
tion, the net count in the counting chain will gradually
decrease at the same rate. The count stored in the
counting chain or accumulator at any instant is summed
in a matrix which provides an output signal that varies
in' stair-step fashion and is determined: by the difference
. frequency of the two- series of pulses being compared.
This output signal is employed to: conirol a servo-system:
which runs a capstan which drives the played-back tape,
so that the tape is played back at substantially the same
speed at which it is recorded. .

In.the preferred form of my reversible binary counter
there is a “count-up” bus and a “count-down™ bus. The
series of pulses from the tape is applied to the “count-up™
The series of pulses from the reference oscillator
is: applied to the “count-down” bus. The two buses con-
trol a summing matrix the:output of which represents-the
difference in the number of counts stored in the two buses
at any instant.

The preferred form of my counter is alsc provided with
cut-out switches or gates respectively between the refer-
ence oscillator and the “count-down™ bus and between the
tape pick-up and the “count-up” bus. The cut-out switch:
or gate on-the lead to the “count-up” bus is set to open
when the maximum capacity of ‘the counter is reached.
Similarly, the cut-out switch or gate on the lead to the
“count-down” bus is set to oper when the minimum ca-
pacity of the counter is reached. The cut-out switches
or gates thus prevent sudden reversal ©f the controlling
signal from the counter when its capacity is exceeded. In
consequence, there are no limits to the “pull-in” char-
acteristics of the system because there is an absolute limit
to the signals from either side of the counter with no
reversal of contrasting signal for extreme differences of

 frequencies between the two pulse series.
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~‘During steady-state conditions when the frequencies
1of the two pulse series fed to the reversible binary counter
are the same, the count in the accumulator will increase
and decrease by one count per cycle with the average ac-

- cumulated: at: the summing matrix output remaining con-

stanf.



3

The weighted output potential from the summing ma-

trix preferably is compared with (i. e. subtracted from) .

a D. C. reference potential, which may be adjusted up or
down to a desired level. This, in effect, permits shift in
the midpoint of the accumulator so that the steady-state
operation of the accumulator can be adjusted to occur in
the middle of its operating range. ;

The resultant potential from the comparison or sub-
traction operation (involving the introduction of the ar-
bitrary D. C. level) is amplified in conventional equip-
ment and applied to drive a servo-motor. Preferably this
is an auxiliary motor coupled to a main constant-speed
drive motor through a sliding clutch. In this fashion the
main driving force for the capstan on the tape transport
apparatus is supplied by the main drive motor, while the
smaller servo-motor controls the capstan speed.

These and other aspects of my invention will be more
thoroughly understood in the light of the following de-
tailed description of a presently preferred form of the
apparatus. . The description is illustrated by the follow-
ing drawings in which:

Fig. 1 is a schematic wiring diagram of a Servo-system
constructed in accordance with the invention and applied
to the control of the speed of magnetic tape play-back;
and

Fig. 2 is a wiring diagram showing details of the elec-
tronic cut-out gates, of Fig. 1, and the “And for high”
circuit and the “And for low” circuit.

Referring to Fig. 1, a magnetic tape 10 is wound from
a tail reel 11 to a head reel 12, with the tape being driven
at a controlled speed by a capstan 13. Data to be proc-
essed previously has been recorded on the tape along a
data track 14 and at the same time a timing track 15 was
recorded on the track by a device such as an accurate
oscillator operating at substantially constant frequency.
Accordingly, the timing track constitutes an index of the
speed at which the tape was travelling at any instant dur-
ing the initial recording of the data. The train of signals
represented by the data track is recovered by a conven-
tional data pickup head 16, say a ferritte core, disposed
in magnetizable relationship with the track, and sent
to data processing apparatus 17, for example an electronic
computer. Similarly the train of signals represented by
the timing track is picked up by a timing track pickup
18 and fed to a limiting amplifier 19 which, in effect, am-
plifies the sine waves 20 of frequency # recovered from
the timing track and chops off their positive and negative
peaks to leave stubs constituting a square wave signal 21
of the same frequency f. The signal series from the limit-
ing amplifier is fed to a differentiator 22, where the square
wave forms are shaped into alternating and separated
sharp negative and positive pulses, the result being the
wave train 23, again of frequency f.

The train of sharp pulses from the differentiator is
applied to an inverter 24 which causes all of the pulses
to be negative-going pulses as shown by the pulse train
23A. This pulse train is fed to one side, say the forward
side, of a reversible binary counter 25 through a cut-out
gate 26 which acts as a valve or gate and is actuated as
described below. As long as the circuit through the
cut-out gate 26 is closed, the pulse train flows through
to a “count-up” bus 27 of the reversible binary counter.
The “count-up” bus is connected in parallel with an ac-
cumulator bank 28 of bi-stable multivibrators 29, 30, 31,
32, or equivalent bi-stable devices.

A four stage binary counter 25 is shown in the draw-
ings. Tt will be apparent that substantially any desired
number of stages may be employed depending upon the
amount of control action which is required.

A reference signal generator 33 supplies a reference
train 34 of spaced, sharp pulses to a “count-down” bus 35
of the reversible binary counter through a second cut-out
gate 36 and an inverter 36A. The inverter 36A provides
pulses 34A of negative polarity which are similar to the
pulses 23A which are derived from the timing track. To
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minimize regulation, the reference signal generator should
operate at substantially the same frequency as the oscil-
lator that was employed to impress the timing track on
the magnetic tape.

The outputs of the individual bi-stable multivibrators
are connected respectively to the resistances R, R/2, R/4
and R/8 of a summing matrix 37, there being the same
number of resistances in the matrix as there are multi-
vibrator sections in the accumulator.

Reversible binary counters of the types contemplated
herein are not new per se, for counters of this general
type have been described in an article entitled, “The
Binary Quantizer,” in “Electrical Engineering,” November
1949, p. 962, specific reference being made to the section
of the article entitled, “The Principle of Forward and
Backward Counting.” .

The summing matrix subtracts pulses from the “count-
up” bus from the pulses of the “count-down” bus to arrive
at an algebraic sum of pulses. A D.-C. signal having a
magnitude which is proportional to this algebraic sum,
after passing through a filter 38, is applied to the input
of a servo-amplifier 39. This amplifier also receives an
adjustable D.-C. reference voltage from a source 40
through a potentiometer 41.

A main drive motor 42, operating at substantiaily con-
stant speed approximating that required for the capstan,
is connected through a sliding clutch 43 to a servo-motor
44, which in turn is connected to the capstan and is con-
trolled by the servo-amplifier. The capstan drives the
tape past the pickup heads at the required speed.

The cut-out gates or switches through which the “count-
up” and “count-down” buses receive their respective pulse
trains are connected to and controlled respectively by an
“And for high” section 45 and an “And for low” section
46. These sections, which are described in detail herein-
after, are controlled by the accumulated counts in the
counter. When the accumulated count reaches the maxi-
mum capacity of the counter, the “And for high” section
produces a bias sufficiently high to cause the cut-out gate
26 to become non-conductive, thus interrupting the train
of pulses to the “count-up” bus from the tape. Similarly,
if the count in the accumulator reaches the minimum
capacity of the counter, the “And for low” section pro-
duces a bias at the other cut-out gate 36 which interrupts
the train of pulses from the reference oscillator to the
“count-down” bus.

The principle of “up and down” counting utilized in
the reversible binary counter of Fig. 1 requires that all
interstage switching connections be interchanged. This
is accomplished by the use of gates between stages, these
gates being appropriately energized by the “count-up”
bus and the “count-down” bus. Thus, four gates 50, 51,
52, 53 are provided respectively between the left hand
side of the multivibrators 29, 30, 31, 32 and the inputs of
the next succeeding multivibrator stages, and four more
gates 54, §5, 56, 57 are provided respectively between
the right hand side of the multivibrators 29, 39, 31, 32
and the inputs of the next succeeding multivibrator stages.
The gates 50 to 53 are controlled by the count-up bus
27, and the gates 54 to 57 are controlled by the count-
down bus 35.

The apparatus of Fig. 1 is also provided with time
delay circuits for the signals coming from the two fre-
quency sources, i. e. the tape and the reference signal
generator. Thus, a time delay circuit 60 is connected
between the cut-out gate 26 and the gate 50, while a
second time delay 61 is connected between the cut-out
gate 36 and the gate 54. These time delay means as-
sure that the gates are appropriately energized just prior
to the occurrence of a pulse to be counted.

The gates 50 to 53 are normally closed, and they are
opened momentarily in response to each pulse of the
train 23A which is applied to the count-up bus 27.
Likewise, the gates 54 to 57 are normally closed, and
these gates are opened momentarily in response to each
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pulse of the train 34A- which: is- applied to the count-
down-bus 35, . ’

Tpe pulses of the count-up train 23A are applied to
thg input of the accumulator bank: through the delay cir-
cuit 60 and the gate 50. In a similar manner, the pulses
of the count-down train 34A are: applied to the input.of
the accumulator bank through the delay circuit 61 and
the gate 54. Each time that a count-up pulse is applied
to the counter, all of the gates 50 to 53 are opened so
tpat the counting action may progress in a forward direc-
tion. Fach time that a count-down pulse is applied to
the counter, the gates 54 to- 57 are opened so-that the
counting' action may- progress in a reverse direction.

The system of Fig. 1 is' designed to assure that the
tape moves at the same instantaneous speed- during play-
back that it had during original recording: Accordingly,
each” half cycle of the signal: train on the timing. track
produces' a- pulse which is fed: through the cut-out gate
26 to one side of the reversible binary counter. As long
as: neither the maximum. nor the minimum: capacity of
the counter. is' exceeded,.the positive and negative counts
will be summed up algebraically in the counter network.
If, in a given interval 800 counts are received from the
tape and 798 counts from-the reference oscillator,. the net
count. will be plus 2, and the summing matrix output wilt
be advanced step-wise to a potential corresponding to this
value. This potential will' then be added algebraically.
to’ the: D. C. reference potential. and the sum will be
applied to the servo-motor. ‘

As: long as. the' counts: from. the: timing: track on the
tape: equal the counts from: the reference: oscillator,
steady-state conditions are maintained. If the counts
from the tape: in unit time exceed the counts from the
reference oscillator: in: the same. time, the. output of the
summing matrix. will. be. representative of: the algebraic
suni’ of the two; and will indicate that the tape is being
moved faster than it was when the timing signals-being
cotiited: were. recorded initially. This means that the
capstair should- be' slowed down and the: system will op-~
erate atitomatically to- bring this: about.. If the counts
from the tape in unit time are fewer than the counts
from the reference oscillator in the same time, the situa-
tion is reversédi the ‘tape is: running-toe:slowly, and the
system will beoperate-automatically:to:speed it up.

If, for any reasom, such as an abrupt change in the
speed at which the tape was rum’ duriiig the time that
the timing track was made, the capacity of the system to
accommodate itself. to this change is insufficient, the
system will fail to accommodate, but only during the
interval that the abrupt change occurs. As soon as
conditions are such that the capacity to accommodate
change is not exceeded, the system will not be affected by
the accumulated errors and will resume proper regula-
tion.

Details of construction and operation of the cut-out
gates 26, 36 and the associated “And for high” circuit 45
along with “And for low” circuit 46 are illustrated by
Fig. 2.

In the accumulator bank 28 shown in Fig. 1 there are
four multivibrator stages 29, 30, 31, 32 each comprising
two interconnected vacuum tubes having two plates. In
Fig. 2, only one of these plates 29, 30a, 31a, 324, is
shown for each stage. These plates are connected re-
spectively with the cathodes of diodes 45a, 45b, 45¢, 45d
in four stages of the “And for high” circuit 45 and to
the anodes of dicdes 46a, 46b, 46c, 46d in four stages
of the “And for low” circuit 46. The anode sides of
the diodes in the “And for high” circuit are connected
to the cathode of a diode 26a in the cut-out gate 26 and
the cathode sides of the diodes in the “And for low”
circuit are connected to the anode of a diode 36a in the
cut-out gate 36.

In the following description the words “high” and
“low” are used to describe the relative potentials of the
plates of each accumulator stage. A “low” state occurs

when-the half of each. stage shown is conducting, to the
end: that. its. plate voltage is at relatively low potential.
A “high” state. occurs when the plate shown. in each ac-
cumulator stage is. not. conducting; the voltage at that
plate then being relatively high. .

A binary zero exists. when the plates 294, 30a; 3a,
32q, are in a “low” state, and the accumulator registers
“zero” when all of its stages are in. “zero” state.. More-

" over, the common junction. point 46¢ of the diodes. 46a;
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46b, 46c, 464 will always be at essentially the highest
plate. voltage of any of the diodes. of the- accumulator
bank. If all the cathodes of the dicdes of this-bank are
in their “low” state. simultaneously, the voltage at the
common- point will be at the low value of the plate
voltage. In other words, if the voltages at the plate 29a
and. at-the plate 30¢ and at the plate 31z and at the plate
32a are in the “low” state, the voltage at the common
junction 46e will also-be:in.a low state. Hence, the name

- «“And. for low” for the. circuit.
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Conversely, if the voltages. at any or all of the plates
294, 30a; 31a, 32a are “high,” the voltages at the com-
mon junction 46e of the plates of the diodes in the “And
for low” circuit’ will also be high.

From:the foregoing, the operation of the cut-out gates
26; 36 will.be evident. Thus, the diode 36a of the cut-
out 36 will be conducting as long as-the potential at the
common point 46e is “high.” When the cut-out is in
this condition, a. pluse. from the reference signal genera-
tor cam be transmitted to the accumulator. However,
when: simultaneous binary zeros occur at all plates. 29a:
30a, 30b; 30c (with the potentials of diodes 46z, 46b,
d6c, 46d. at “low” values) the diode of the cut-out gate
36 becomes non-conductive and. no trigger pulse is
transmitted,. since the cathode side of this diode 36a is
biased above the value of the “low” potential.

The. “And for high” circuit operates in a somewhat
similar manner, but the polarity of the summing diodes
is reversed so that the diode 26a is biased to be mon-
condiictive. only when there is a simultaneous occurrence
of binary “ones” at each of the plates 29a, 30a; 31a, 32a:

Tn. consequence of: the cooperation of the accumulator,
the “And for high” circuit, the “And for low” circuit
and:the two cut-out gates; pulses from the differentiator
to thie’ accumulator are prevented from reaching the ac-
cumulator whenever the maximum or positive capacity of
the system is exceeded: and remaincut-off until the posi=
tive” counts'stored in the system:- are’ reduced’ to. a: value-
below’ capacity. Similarly, -pulses’ from. the reference
oscillator are prevented from reaching the accumulator
whenever the minimum or negative capacity of the sys-
tem matrix is exceeded.

I claim:

1. In apparatus for comparing the frequencies of two
pulse trains, the combination which comprises a reversible
binary counter having a plurality of reversible bi-stable
counting elements, a count-up bus connected in parallel
to the respective elements from one side, a count-down
bus connected in parallel to the respective elements from
the other side, means for supplying one pulse train to
one of the buses, means for supplying the other pulse train
{o the other bus, and means coupled to the outputs of the
individual elements for producing an output proportional
to the difference in the number of pulses in the trains
introduced into the counter in unit time.

2. In apparatus for comparing the frequencies of first
and second pulse trains, the combination which comprises
a reversible binary counter having a plurality of reversible
bi-stable counting elements, a count-up bus connected in
parallel to the respective elements from one side, a
count-down bus connected in parallel to the respective
elements from the other side, means for supplying the
first pulse train to one of the buses, means for supplying
the second pulse train to the other bus, means coupled
to the outputs of the individual elements for producing
an output proportional to the difference in the number of
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pulses in the trains introduced into the counter in unit

time, means for automatically interrupting the passage
of the first pulse train to the counter when its positive
capacity is exceeded, and means for automatically. inter-
rupting the passage of the second pulse train to the counter
when its negative capacity is exceeded.

3. In apparatus for moving a record having recorded
on it a pulse train indicative of the speed at which it was
recorded, the combination which comprises a reversible
binary counter having a plurality of reversible bi-stable
counting elements, a count-up bus connected in parallel
to the respective element from one side, a count-down
bus connected in parallel to the respective elements from
the other side, means for supplying said pulse train to
one of the buses, means for supplymg a reference pulse
train to the other bus, a summing matrix connected to the
outputs of the individual bi-stable elements for producing
an output pr. oporticnal to the difference in the number of
pulses in the trains introduced into the counter in unit
time, means for moving the record, and a servo-motor
connected to said record-moving means, the servo-motor
being energized by and being responsive to the output of
the summing matrix. ]

4. In apparatus for moving a record again at sub-
stantially the speed it had during recording, said record
having on it a pulse train indicative of the speed at which
it was recorded, the combination which comprises a re-
versible binary counter having a plurality of reversible
bi-stable counting elements, a count-up bus connected in
parallel to the respective elements from one side, a count-
down bus connected in parallel to the respective elements
from the other side, means for suppling said pulse train
to one of the buses, means for supplying a reference
pulse train to the other bus, and a summing matrix con-
nected to the outputs of the individual bi-stable. elements
for producing an output proportional to the difference
in the number of pulses in the trains introduced into the
counter in unit time, a drive motor, a servo-motor, a
sliding clutch connected between the drive motor and
the servo-motor, record-moving means connected to the
servo-motor, and a servo-amplifier having its input con-
nected to the output of the summing matrix and its output
connected to the servo-motor.

5. In apparatus for moving a record again at sub-
stantially its recording speeds, said record having records
thereon, a pulse train indicative of its recording speeds,
the combination which comprises a reversible binary
counter having a plurality of reversible bi-stable counting
elements, a count-up bus connected in parallel to the
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respective elements from one side, a count-down bus
connected in parallel to the respective elements from the
other side, means for picking up said pulse train and
supplying it to one of the buses, means for supplymg a
reference pulse train to the other bus, a summmg matrix
comprising individual resistance corresponding in num-
ber ‘and respectively connected to the outputs of the
individual bi-stable elements for producing an output
proportional to the difference in the number of pulses in
the trains introduced into the counter in unit time, a
servo-amplifier, means for supplying a D. C. potential to
the servo-amplifier, means for superimposing on said
D. C. potential the output of the summing matrix, a
record-moving means, and a servo-motor driving the
record-moving means and energized by the output of the
servo amplifier,

6. In apparatus for moving a record again at the
speeds it had during recording, said record having re-
corded thereon a pulse train indicative of said speeds,
the combination which comprises a reversible binary
counter having a plurality of reversible bi-stable counting
elements, a count-up bus connected in parallel to the
respective elements from one side, a count-down bus
connected in parallel to the respective elements from
the other side, means for picking up said pulse train and
supplying it to one of the buses, means for supplying a
reference pulse train to the other bus, a summing matrix
comprising individual resistances corresponding in num-
ber and respectively. connected to the outputs of the
individual bi-stable elements for producing an output
proportional to the difference in the number of pulses in
the trains introduced into the counter in unit time, record-
moving means, a servo-motor connected to the record-
moving means, a servo-amplifier having its output con-
nected to the servo-motor and its input connected to the
output of the summing material, means for automatically
interrupting the passage of the picked-up pulse train to
the counter when the positive capacity of the summing
matrix is exceeded and means for automatically interrupt-
ing the passage of the reference pulse train to the counter
when the negative capacity of the summing matrix is
exceeded.
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